Background/Aims: Ghrelin has recently been reported as exerting a protective effect in the damaged pancreas in rats. We investigated the correlation between severity of acute pancreatitis and serum ghrelin concentrations. Methods: Blood samples were collected three times (at admission, after 48 hours, and at discharge) from patients admitted with acute pancreatitis. We divided the patients into nonrisk and risk groups. The risk group was defined as the presence of at least one of following risk factors for severe acute pancreatitis: Ranson's score ≥3, acute physiology and chronic health evaluation (APACHE) II score ≥8, C-reactive protein (CRP) ≥150 mg/L, and CT severity index (CTSI) ≥4. Serum ghrelin concentrations were measured with RIA kit and analyzed based on clinical and biochemical parameters. Results: A total of 53 patients was enrolled in this study: 28 in the nonrisk group and 25 in the risk group. At admission, the ghrelin concentration was significantly higher in the risk group (286.39±272.19 vs 175.96±138.87 pg/mL [mean±SD], p=0.049). However, the ghrelin concentration did not differ significantly between the two groups after 48 hours (p=0.450) and at discharge (p=0.678). The overall ghrelin concentration was significantly lower at admission than at discharge (240.65±247.96 vs 369.41±254.27 pg/mL, p=0.001). 
INTRODUCTION
Since the mortality rates of severe acute pancreatitis is high as 20 to 30% and a half of mortality occurs within 2 weeks due to multisystem organ failures, such patients should be treated actively at early stage of disease to improve outcomes. Various prognostic indices and serum markers are being used to evaluate the severity of acute pancreatitis at the beginning of treatment. The classical prognostic indices include multiple factor scoring systems such as Ranson's criteria and acute physiology and chronic health evaluation (APACHE) II system. Serum markers include serum C-reactive protein (CRP), polymorphonuclear elastase, urine trypsinogen activation peptide, and so on. [1] [2] [3] [4] [5] [6] Abdominal computed tomography is useful for the evaluation of local complications of acute pancreatitis.
Computed tomography severity index (CTSI) which is calculated in scores based on the CT findings is used to evaluate the severity and prognosis of acute pancreatitis. 7 Ghrelin is a hormone known to promote appetite and mostly originate from the stomach and small intestine. Recent studies suggest that ghrelin increases the secretion of gastric acid and digestive enzymes in the pancreas and activates bowel movements, thereby serving an important role in the processing of the ingested foods. 8 The prominent expressions of ghrelin in the endocrine cells of human fetal pancreas suggest the association of ghrelin with the development of the pancreas. 9 In addition, there was a study data demonstrating that treatment with ghrelin reduces the severity of caerulein-induced pancreatitis in rats and there was another report indicating that plasma concentration of ghrelin significantly increased when the patients with acute pancreatitis recovered from illness. 10, 11 Therefore, we examined the association between the severity of acute pancreatitis and the concentration of ghrelin. We also analysed the pattern of change in the blood concentration of ghrelin during the course of acute pancreatitis.
MATERIALS AND METHODS

Patients
The concentrations of serum ghrelin were measured in the patients who were hospitalized into Gangneung Asan Hospital with acute pancreatitis from February 2008 through November 2008. Total 81 patients were enrolled in this study. Patients with tumors of the pancreas or other organs, patients with gastric ulcer in the active or healing phase and patients with hyperthyroidism were excluded from the study subjects. Patients with any history of gastrointestinal surgery were also excluded. When there were any problems in blood collections or serum storages, we excluded the corresponding patients. Among 81 patients hospitalized with acute pancreatitis, 28 patients were excluded and 53 patients were analyzed in this study.
Methods
A diagnosis of acute pancreatitis was made if the patients have two of the three following features: 1) abdominal pain characteristic of acute pancreatitis, which is acute epigastric pain continued for more than 24 hours, 2) serum amylase and/or lipase ≥3 times the upper limit of normal, and 3) characteristic findings of acute pancreatitis on CT scan. 12 To measure serum ghrelin concentration, blood samples were obtained when the patients were admitted with acute pancreatitis and 48 hours after hospitalization. The collected blood samples were centrifuged and then the separated sera were frozen at −70 o C for subsequent analysis. To examine changes in serum ghrelin concentration, blood samples were collected from some patients when they were discharged. The sera of 81 patients in total were stored and the sera of 53 patients who were suitable to this study were thawed and the ghrelin concentrations were measured by radioimmunoassay. The ghrelin RIA kit (LINCO Research, St. Charles, MO, USA) was used for measurement of serum ghrelin levels. The measured ghrelin level was the total ghrelin containing both acylated ghrelin and des-acylated ghrelin.
The enrolled patients were divided into two groups: group with risk factors of severe acute pancreatitis (risk group) and group without risk factor (nonrisk group). The risk factors of severe acute pancreatitis were defined as the Ranson's score ≥3, the highest APACHE II score calculated within 48 hours after hospitalization ≥8, the CTSI calculated from the abdominal CT performed during hospitalization ≥4, and the CRP measured around 48 hours after hospitalization ≥150 mg/L. 13 Patients who had one or more risk factors were classified into risk group. The leukocytes counts and the serum concentrations of amylase and lipase were measured at admission and blood glucose and body mass index (BMI) were also measured at admission and discharge. Relief of abdominal pain was determined by the day when the patient was not taken analgesics for abdominal pain. The fasting period was considered duration before ingestion of liquid diet. Generally, the duration of hospitalization was defined as the periods from admission to discharge but in the patients with acute gallstone pancreatitis who went through a laparoscopic cholecystectomy, the period only up to the date of surgery was included in the hospitalization period and the period after surgery was excluded from the hospitalization period. We performed upper gastrointestinal endoscopy during the admission period. For statistical analyses, t-tests and chi-square tests were conducted using SPSS software (version 12; SPSS Inc., Chicago, IL, USA) and p＜0.05 was considered to be significant. When the result did not satisfy normality, we analysed the results using Mann-Whitney tests and Wilcoxon signed ranks tests. This study was approved by the Institutional Review Board of clinical study of Gangneung Asan Hospital.
RESULTS
Baseline characteristics
Among the enrolled 53 patients, male patients were 37 cases (69.8%) and the mean age was 49±14 (range, 19 to 85) year old. The most common cause of acute pancreatitis was alcohol abuse (n=34, 64.2%), followed by gallstone (n=15, 28.3%). Other causes consisted of trauma in 2 cases, anomalous union of pancreaticobiliary duct in 1 case, and choledocal cyst in 1 case (Table 1 ). Among 53 patients, 25 patients were risk group and 28 patients were nonrisk group. There were no differences in age, gender, etiology of acute pancreatitis, BMI between two groups (p＞0.05) ( Table 2) .
Univariate analysis between the risk group and the nonrisk group
There were no differences in leukocytes count, serum amylase and lipase, and serum glucose concentration between two groups (p＞0.05). Mean CRP were 148.62± 78.30 and 53.75±48.94, mean CTSI were 2.28±1.31 and 1.64±0.83, mean Ranson score 2.96±1.65 and 0.96± 0.79, and mean APACHE II scores 8.64±5.25 and 3.14± 2.27 in risk group and nonrisk group, respectively. Although the duration of abdominal pain was not significantly different between the two groups but the fasting period and the duration of hospitalization were significantly longer in the risk group (8.35±5.27 vs 5.48± 1.90 p=0.020 and 15.52±13.96 vs 8.68±3.56, p=0.025, respectively). There were 2 cases of death in risk group but there was no statistically significant difference between the two groups (p=0.127) ( Table 3 ). The serum ghrelin concentration at admission was significantly higher in the risk group (286.39±272.19 vs 175.96±138.87 pg/mL, p=0.049), but the ghrelin concentrations measured at 48 hours after admission and the ghrelin concentration at discharge were not significantly different between the two groups (238.50±198.99 vs 258.64±183.01 pg/mL, p=0.450 and vs 409.60±297.76 vs 334.16±177.74 pg/mL, p=0.678, respectively) ( Table 4 , Fig. 1 ).
Changes in serum ghrelin concentration after diagnosis
Serum ghrelin concentration at discharge was measured in 25 patients among the patients analyzed in this study. Changes in BMI, serum glucose level, and serum ghrelin concentration between at admission and at discharge were analyzed. BMI decreased at that time of discharge than at admission significantly (22.44±2.85 vs 21.50±2.95 kg/m 2 , p=0.002) and so was serum glucose concentration (156.26±56.66 vs 110.05±48.31 mg/dL, p=0.000). On the other hand, serum ghrelin concentration was significantly higher at that time of discharge (240.65± 247.96 vs 369.41±254.27 pg/mL, p=0.001) (Fig. 2) .
Univariate analysis of serum ghrelin concentration by the etiology
The patients included in this study were divided into alcohol group and gallstone group by etiology. The serum ghrelin concentrations between alcohol group and gallstone group were compared for statistical analysis. The Fig. 1 . The serum ghrelin concentration is significantly higher in the risk group than in the nonrisk group at admission (p=0.049) (A), but it does not differ significantly between the two groups at 48 hours after admission (p=0.450) (B) or at discharge (p=0.678) (C).
serum ghrelin concentration at admission showed a tendency to lower in the gallstone group than in the alcohol group but it was not statistically significant (256.13±250.83 vs 191.98±142.36 pg/mL, p=0.563). There was no statistically significant difference in the serum ghrelin concentration at 48 hours after admission and at discharge (251.56±207.52 vs 253.79±161.91 pg/mL, p=0.972 and 369.94±193.93 vs 412.55±370.40 pg/mL, p=0.633, respectively) ( Table 5) .
DISCUSSION
Ghrelin is a peptide hormone for growth hormone secretagogue receptor. About 60-70% of circulating ghrelin is secreted by the X/A-like cells existing in oxyntic glands of the gastric mucosa and most of the remainder derived from the small intestine.
14 Since ghrelin was found in 1999 from stomach extract, various physiologic functions of ghrelin has been reported. Ghrelin has a direct effect on pituitary somatotroph cells in vitro and acts synergistically with growth hormone-releasing hormone to stimulate growth hormone secretion. Also, ghrelin promotes appetite to induce food intakes and increases when the body weight has been reduced thereby serving an important role in maintaining energy homeostasis. [15] [16] [17] And ghrelin induces increased gastrointestinal motility and increased gastric acid secretion which may be relevant in processing ingested foods. 18, 19 Two studies suggest that ghrelin prevents the remodeling of the left ventricle, reduces blood pressure and increases cardiac outputs thereby showing beneficial effects in patients with heart failure. 20, 21 According to an animal study, intraperitoneal administration of ghrelin attenuates pancreatic damage in caerulein-induced pancreatitis in rats. Protective effect of ghrelin seems to be related to the inhibition in inflammatory process. The diminished liberation of IL-1beta, the inhibition of leukocyte infiltration into pancreas tissues, and the attenuation of decreased synthesis of DNA in pancreas are probably the major mechanisms involved in beneficial effect of ghrelin on pancreas integrity. 10 In other animal study, application of ghrelin into the right cerebral ventricle of the rats subjected to caerulein-induced pancreatitis resulted in the significant reduction of pancreatic edema and morphological signs of acute Fig. 2 . Changes in body mass index (BMI) and glucose and ghrelin concentrations between at the diagnosis and at discharge. (A) BMI is significantly higher at the diagnosis than at discharge (p=0.002). (B) Glucose concentration is significantly higher at the diagnosis than at discharge (p=0.000).
(C) Ghrelin concentration is significantly lower at the diagnosis than at discharge (p=0.001). pancreatitis. This was accompanied by marked increase of superoxide dismutase amount in the pancreatic tissue and increase of growth hormone blood level. It is likely that the inhibition of reactive oxygen species production and the beneficial effect of growth hormone such as tissue regeneration and maintenance of integrity could improve the natural defense mechanism against pancreatic tissue injury. 22 There was a recent study which showed that ghrelin concentration increased significantly when the patients with acute pancreatitis recovered. 11 This is also observed in our study.
However, careful interpretation of the test result is needed because the blood concentration of ghrelin is changed by various factors. Blood concentration of ghrelin is increased by fasting or weight reduction and it is decreased by food intake or weight gain. 8, 23 In our study, blood glucose and BMI were higher at admission compared to that at discharge, thus there is a possibility that these factors affected the serum ghrelin concentration. Also, there is a possibility that the ghrelin concentration at admission would have been low since blood collections at admission were done regardless of the diet states of patients. These may be limitations of this study. And it is known that blood concentration of ghrelin is affected by accompanying states. For example, it increases in cachexic states such as heart failure or malignancy and decreases in hyperthyroidism, gastric ulcer, and post-operative state such as gastric bypass surgery and total gastrectomy. Therefore, the patients accompanied by the above mentioned states were excluded from this study. 24, 25 Even though our study results demonstrate that the ghrelin concentration at admission was significantly higher in the patients with risk factors for severe acute pan-creatitis, it is limited to use ghrelin concentration to evaluate the severity of acute pancreatitis instead of other prognostic factors because it is not easy to measure ghrelin concentration in the laboratory and blood concentration of ghrelin is affected by various factors mentioned above. But, we may consider that intensive and more aggressive management is required in the patients with acute pancreatitis whose ghrelin level increases at admission.
Given the report that the ghrelin concentration increased in the recovery period of patients with acute pancreatitis, it is supposed that ghrelin concentration may be low in acute phase of pancreatic damages. Also in our study, the ghrelin concentration at admission was significantly lower than that at discharge when the patients were analyzed regardless of risk factor. When the patients with acute pancreatitis were divided into risk group and nonrisk group for statistical analysis, the ghrelin concentration at admission was significantly lower in the nonrisk group but there was no significant difference in ghrelin concentration between the two groups after 48 hours and at discharge. The reason may be explained by the result that the frequency of acute pancreatitis caused by alcohol abuse, although not statistically significant, was higher in the risk group and most of the patients with acute pancreatitis related to alcohol abuse chronically took alcohol thus their pancreases have been damaged for a relatively long time before the admission. And we may suppose that the more acute pancreatitis is severe, the more is pancreas likely to have been damaged for a longer time. Considering the reports that ghrelin has the protective effect on pancreas, it can be thought that ghrelin concentration increases as a healing process for more prolonged and severe damage of pancreas. Besides, although not statistically significant, the ghrelin concentration at admission was lower in patients with acute pancreatitis caused by gallstone than alcohol abuse. This may be owing to the reason that the patients with gallstone pancreatitis were healthy before the onset of disease and they visited the hospital relatively early after the onset of disease. That is, it can be thought that the blood concentration of ghrelin increases after the pancreas is damaged regardless of the cause of acute pancreatitis and ghrelin provides protective effect for damaged pancreas. However, it cannot be said whether blood ghrelin concentration would decrease after pancreatitis is completely recovered because additional blood samples are not taken after discharge. The subsequent studies should be conducted later. Also, further studies are necessary to investigate beneficial effect on damaged pancreas in human.
In summary, the serum ghrelin concentration at admission was significantly higher in the patient with risk factors for severe acute pancreatitis than in the patient without the risk factor. We postulate that the increased blood concentration of ghrelin is associated with healing process of damaged pancreas in human.
